Methods used for synthesis of 2'-OMe-th G NMR spectra were obtained on a JEOL JNM ECA-600 spectrometer operating at 600 MHz for 1 H NMR and in CDCl 3 unless otherwise noted. Flash column chromatography was performed employing Silica Gel 60 (70-230 mesh, Merck Chemicals). Silica-gel preparative thin-layer chromatography (PTLC) was performed using plates from Silica gel 70 PF 254 (Wako Pure Chemical Ind. Ltd.). 41, 166.08, 159.41, 158.10, 154.19, 147.23, 133.49, 133.18, 129.94, 129.79, 129.65, 129.56, 128.58, 128.43, 126.65, 126.01, 125.73, 83.79, 78.81, 78.58, 73.32, 63.88, 58.96, 41.21, 35 .15
Synthesis of 2'-OMe-th G and its phosphoramidite

2-Aminothieno[3,4-d]pyrimidine G mimic 2'-O-methyl deoxyribonucleoside (3)
A solution of 3 (1.07 g, 1.86 mmol) in 2.0 M ammonia (60 mL) in methanol was heated at 65 ºC overnight. In brown reaction mixture, white solid appeared and then dissolved. 126.46, 87.10, 85.95, 75.50, 70.94, 63.08, 58 .42
N2-DMF-2-aminothieno[3,4-d]pyrimidine G mimic 2'-O-methyl deoxyribonucleoside (4)
A solution of 1(131.5 mg, 0.42 mmol) and N,N-dimethylformamide dimethyl acetal (0.09 mL) in DMF/MeOH (1/1,6 mL) was stirred overnight at RT. 33, 192.40, 160.22, 158.34, 155.97, 147.38, 129.62, 126.32, 125.91, 87.29, 86.71, 86.27, 85.76, 75.91, 71.16, 70.98, 63.30, 63.06, 58.40, 58.35, 41.55, 41.00, 35 .55
O5'-Dimethoxytrityl-N2-DMF-2-aminothieno[3,4-d]pyrimidine G mimic 2'-O-methyl
deoxyribonucleoside (5) 5 (50 mg, 0.14mmol) was coevaporated with dry pyridine. DMTrCl (57 mg, 0.17 mmol) in dry pyridine (0.3 mL) was added and the solution was stirred at RT for 3 hours. The reaction mixture was directly loaded on silica pad for column chromatography with CH 2 Cl 2 :MeOH = 1:0to 9:1 containing 0.5 % triethylamine to afford an off-white solid (77.3mg, 75% 158.52, 157.87, 153.92, 146.95, 145.03, 136.23, 136.15, 130.29, 130.26, 129.09, 128.39, 127.87, 126.79, 125.62, 113.18, 86.40, 86.25, 83.39, 75.93, 71.42, 64.12, 58.57, 55.30, 41.35, 35 .10, 0.077 
Solid-Phase Synthesis
ODNs having 2'-OMe-th G (ODN1, 9, 10, 12, 17, 18) were synthesized on solid supports using (3'-(2-
G mimic 2'-O-methyl deoxyribonucleoside (7)and commercially available O5'-dimethoxytrityl-2'-deoxyribonucleoside O3'-phosphoramidites. Solid-phase oligonucleotide synthesis was performed on an ABI DNA synthesizer (Applied Biosystem, Foster City, CA). The modified phosphoramidite was chemically synthesized as described above and without purification incorporated into oligonucleotide through coupling reaction for 10 minutes. Cleavage from the solid support and deprotection were accomplished with 50:50 of MeNH 2 in 40 wt. % in water and NH 3 in 28 wt. % in water at rt for 15 min and then at 65 °C for 15 min. After purification by HPLC, products were confirmed by ESI-TOFMS (Table S1 ). DNA concentrations were determined by using the Nano drop ND-1000 (Nano-drop Technologies, Wilmington, DE). Other ODNs are received from SIGMA-Genosys or JBios.
UV-melting
Melting temperatures were determined by measuring changes in absorbance at 260 nm as a function of temperature using a JASCO V-650 UV/VIS spectrophotometer. JASCO PAC-743R equipped with a high performance temperature controller and micro auto eight-cell holder. Absorbance was recorded in the forward and reverse direction at temperatures from 5 to 95 °C at a rate of 0.5 °C/min. The melting samples were denatured at 95 °C for 5 min and annealed slowly to RT then stored at 5 °C until experiments were initiated. All melting samples were prepared in a total volume of 100 μL containing 5 μM of each strand oligonucleotide, 20 mM Na cacodylate (pH 7.0) and 100 mM NaCl. Synthetic oligonucleotides were obtained from Sigma-Aldrich Chemicals Co.
Fluorescence Measurement
Fluorescence measurements of 2'-OMe-th G -containing DNA were conducted using a JASCO FP-6300 spectrofluorometer. The sample temperature was controlled with a JASCO EHC-573. Measurements were performed using fluorescence cells with a 0.5-cm path length. All samples are containing 5 μM of each strand oligonucleotide in 20 mM sodium cacodylate buffer (pH 7.0) and various concentrations of NaClO 4 at 5 °C.
CD Spectroscopy
CD spectra of oligonucleotide solutions collected in0.5-nm steps from 320 to 220 nm were measured using JASCO J-805LST Spectrometer in a 1-cm quartz cuvette. The buffer and concentrations of NaClO 4
were the same as for fluorescence measurement. Each spectrum shown is the average of two individual scans.
